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ABSTRACT 
 This project has investigated solution polymerization to produce toner resins.  
There are three stages: (i) synthesis of low molecular weight styrene acrylic copolymer; 
(ii) synthesis of high molecular weight styrene acrylic copolymer; (iii) mixing high and 
low molecular weight copolymers.  Gel Permeation Chromatography (GPC) was used 
to study molecular weight distributions, Melt Flow Index (MFI) Instrument to study the 
flowability of resin, Differential Scanning Calorimetry (DSC) to study the thermal 
properties of resin, and acid number to quantitate the amount of acidic group in the resin.  
A comparison of properties between the experimental samples, patent’s claims, and 
commercial resins had been carried out.  Preparation of low molecular weight resin has 
carried out by using monomers, initiator and solvent.  The effects of initiator 
concentration on the resin’s properties of low molecular weight resin had been studied.  
High molecular weight resin was produced by using monomers, initiator, solvent and 
crosslinking agent in the system.  The process started with bulk polymerization 
followed by solution polymerization.  The variation on amount of tetra(ethylene 
glycol)diacrylate (TD) during solution polymerization was carried out to study the 
effects on resin’s properties.  Commercial toner resins contain a high molecular weight 
portion and a low molecular weight portion.  The commercial resins have glass 
transition temperature in the range of 63~66°C, Melt Flow Index in the range of 4~10 
g/10 min, and acid number in the range of 8.5~10.2 mg KOH g
-1
. As for high molecular 
weight portion, Mn is in the range of 1.93×10
5
~3.02×10
5
 gmol
-1
, Mp in the range of 
8.07×10
5
~1.7×10
6
 gmol
-1
, Mw in the range of 5.5×10
5
~6.77×10
5
 gmol
-1
, Mz in the range 
of 1.2×10
6
~1.5×10
6
 gmol
-1
, polydispersity in the range of 2.24~3.92.  While for low 
molecular weight portion, Mn is roughly 4×10
3
 gmol
-1
, Mp around 5×10
3
 gmol
-1
, Mw in 
the range of 6×10
3
~7×10
3
 gmol
-1
, Mz in the range of 9×10
3
~1.1×10
4
 gmol
-1
, 
polydispersity in the range of 1.68~1.80.  The ratio of low molecular weight portion to 
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high molecular weight portion varies from 36:64 to 60:40.  In this project, the low and 
high molecular weight portions were synthesized separately and they were mixed at 
various proportions to achieve the required properties as toner resins. 
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ABSTRAK 
 Tujuan utama projek ini adalah untuk menghasilkan resin toner yang melibatkan 
tiga peringkat eksperimen. (i) sintesis kopolimer stirena akrilik berberat molekul rendah; 
(ii) sintesis kopolimer stirena akrilik berberat molekul tinggi; (iii) percampuran kedua-
dua kopolimer berberat molekul rendah dan tinggi.  Kromatograf Penelapan Gel (GPC) 
telah diguna untuk mengkaji taburan berat molekul; Alat Indeks Aliran Leburan (MFI) 
diguna untuk mengkaji keupayaan leburan resin beralir; Kalorimetri Pengimbasan 
Pembezaan (DSC) untuk mengkaji sifat therma and nombor asid (AN) untuk mengkaji 
kandungan asid yang terdapat dalam resin.  Satu perbandingan di antara resin 
perdagangan, paten US dan sampel eksperimen telah dianalisiskan.  Resin berberat 
molekul rendah adalah disintesis melalui proses pempolimeran larutan dengan 
menggunakan hanya pelarut, monomer dan initiator.  Manakala, resin berberat molekul 
tinggi adalah disediakan melalui proses pempolimeran bulk diikuti dengan 
pempolimeran larutan dengan menggunakan monomer, pelarut, initiator dan juga agen 
crosslinking.  Dengan merujuk kepada resin perdagangan, terdapat dua bahagian dalam 
resin tersebut; bahagian berberat molekul rendah dan bahagian berberat molekul tinggi.  
Merujuk kepada resin perdagangan, Tg adalah dalam linkungan 63~66°C, MFI dalam 
linkungan 4~10 g/10 min, dan AN dalam linkungan 8.5~10.2 mg KOH/g. Keputusan 
GPC untuk bahagian berberat molekul tinggi, Mn dalam linkungan 1.93x10
5
~3.02x10
5
 
gmol
-1
, Mp dalam linkungan 8.07x10
5
~1.7x10
6
 gmol
-1
, Mw dalam linkungan 
5.5x10
5
~6.77x10
5
 gmol
-1
, Mz dalam linkungan 1.2x10
6
~1.5x10
6
 gmol
-1
 dan Ip dalam 
linkungan 2.24~3.92.  Manakala untuk bahagian berberat molekul rendah, Mn adalah 
dalam linkungan 3.5x10
3
~3.8x10
3
 gmol
-1
, Mp dalam linkungan 4.7x10
3
~4.9x10
3
 gmol
-1
, 
Mw dalam linkungan 5.9x10
3
~6.9x10
3
 gmol
-1
, Mz dalam linkungan 9x10
3
~1.1x10
4
 
gmol
-1
 dan Ip dalam linkungan 1.68~1.80.  Nisbah bahagian berberat molecul tinggi 
kepada bahagian berberat molecul rendah berubah daripada 36:64 kepada 60:40.  Dalam 
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projek ini, bahagian resin berberat molekul tinggi dan rendah adalah disintesis 
berasingan dan dicampurkan dalam pelbagai nisbah untuk mencapai sifat-sifat yang 
diperlukan oleh toner resin. 
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